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ABSTRACT: 

PURPOSE: To provide the titled composition exhibiting high dynamic 
modulus after vulcanization, and having excellent moldability, by 
compounding a solid rubber such as natural rubber, a specific liquid 
diene rubber, a masked polyisocyanate, and a novolac-type (modified) 
phenolic resin . 

CONSTITUTION : The objective composition is prepared by compounding (A) 
lOOpts.wt. of rubber components composed of (i) 70 . approx . 95pts . of a 
solid rubber selected from natural rubber, polyisoprene rubber, 

polybutadiene rubber, and styrene-butadiene copolymer rubber and (ii) 
30. approx. 5pts. of a liquid diene rubber having functional groups at the 
molecular terminals or in the molecule, ~~ V± t-h — (B ) a masked polyisocyanate 
dnci (D) 5 . approx . 25pts . of a novolac-type phenolic resin and/ or a 
novolac-type modified phenolic resin. The ratio of the isocyanate 
equivalent in the component (C) to the functional group equivalent in the 

;\Ti:,onent (B) is adjusted to 0 . 5 . approx . 2 . 0 . 

i-UrECT: Excellent breaking properties. 
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Specification /l} 

1. Title of the Invention : TIRE BEAD FILLER RUBBER COMPOSITION 

2 . Claim 

A tire bead filler rubber composition which is obtained by- 
mixing at least one type of solid rubber selected from among 
natural rubber, polyisoprene rubber, polybutadiene rubber, and a 
styrene-butadiene copolymer rubber with a liquid diene rubber which 
possesses a functional group at the molecule terminal or within the 
molecule, a masked polyisocyanate, and a novolak phenol resin 
and/or a novolak modified phenol resin, wherein the mixing ratio 
between said solid rubber and said liquid diene rubber ranges from 
70/30 to 95/5 with regard to 100 parts by weight of the rubber 
content, wherein the ratio of the isocyanate equivalent of said 
masked polyisocyanate with respect to the functional group 
equivalent within said liquid diene rubber ranges from 0.5 to 2.0, 
and wherein the mixing ratio of said novolak phenol resin and/or 
novolak modified phenol resin with respect to 10 0 parts by weight 
of the rubber content ranges from 5 to 25 parts by weight. 

3 . Detailed explanation of the invention 

The present invention concerns a tire bead filler rubber 
composition which exhibits a low rigidity in a non-vulcanized 
state, which exhibits a high dynamic elasticity in a vulcanized 
state, and which exhibits an excellent tire molding operative 
efficiency as well as excellent fracture-resistant physical 

1 Numbers in the margin indicate pagination in the foreign 

text . 
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properties . 

Attempts have heretofore been made to increase the dynamic 
elasticity (hereafter referred to simply as the "elasticity") of a 
bead filler rubber composition by mixing large quantities of 
additives such as sulfur, thermocurable resin, etc. with a rubber. 

The elasticity of a rubber composition can indeed be upgraded 
by mixing a large quantity of carbon black with a rubber, but such 
a rubber composition is difficult to use for practical purposes for 
various reasons (e.g., clustering of the rubber during a processing 
operation, electrical power load gain for a Banbury mixer, 
extremely inferior wound state on a roll, etc.) . Attempts are also 
been made to upgrade the elasticity of a rubber by mixing a large 
quantity of sulfur. Due to the high sulfur content, however, such 
a rubber composition is accompanied by a conspicuous blooming of 
sulfur during an extrusion operation, which is undesirable in that 
it hinders a tire molding operation and that it decreases the 
product yield. As far as mechanisms for upgrading the rubber %_ 
elasticity without mixing a large quantity of sulfur while the 
mixing ratio of carbon black is being limited to a practically 
permissible level are concerned, therefore, it has become 
increasingly more common to mix thermocurable resins such as 
novolak phenol resins, novolak modified phenol resins, etc. 

The mixing processibility of a rubber composition with which 
the aforementioned thermocurable resin and carbon black have been 
jointly mixed is somewhat alleviated [sic: Presumably "improved"] 
based on the curing of the thermocurable resin by the heat 
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generated during the mixing operation. The rigidity of a non- 
vulcanized rubber at room temperature, however, is inferior, and 
accordingly, the tire molding efficiency is extremely inferior. In 
addition to the loss of the spontaneous adhesion capacity intrinsic 
to the rubber, therefore, the efficiencies for pasting and bending 
the extruded product significantly diminish. 

Attempts have been made to enlarge the quantity of a mixed 
process oil, to use a soft carbon black, or to use a liquid rubber 
which possesses no functional group in its molecule chain for 
alleviating these shortcomings. Although the bead filler rubber 
extrusion processibility and tire molding efficiency may be 
improved by such measures, the elasticity and elongation of the 
rubber are less than satisfactory. 

The objective of the present invention, which has been 
proposed against the foregoing backdrop, is to provide a tire bead 
filler rubber composition with various excellent properties (e.g., 
elasticity in a vulcanized state, tire molding efficiency, etc.). 

The rubber composition of the present invention, therefore /""is 
obtained by mixing at least one type of solid rubber selected from 
among natural rubber, polyisoprene rubber, polybutadiene rubber, 
and a styrene -butadiene copolymer rubber with a liquid diene rubber 
which possesses a functional group at the molecule terminal or 
within the molecule, a masked polyisocyanate, and a novolak phenol 
resin and/or a novolak modified phenol resin, whereas (1) the 
mixing ratio between said solid rubber and said liquid diene rubber 
ranges from 70/30 to 95/5 with regard to 100 parts by weight of the 
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rubber content, whereas (2) the ratio of the isocyanate equivalent 
of said masked polyisocyanate with respect to the functional group 
equivalent within said liquid diene rubber ranges from 0.5 to 2.0, 
whereas (3) the mixing ratio of said novolak phenol resin and/or 
novolak modified phenol resin with respect to 100 parts by weight 
of the rubber content ranges from 5 to 25 parts by weight. 

In the following, the constitution of the present invention 
will be explained in detail. 

Conventionally-known ones can generally be employed as the 
natural rubber, polyisoprene rubber, polybutadiene rubber, or a 
styrene -butadiene copolymer rubber employed in the present 
invention. At least one type of these solid rubbers is employed in 
the present invention. 

Concrete examples of the liquid diene rubbers employed in the 
present invention, which possess functional groups at the molecule 
terminals or within their molecules, include a liquid polyisoprene 
rubber, liquid polybutadiene rubber, liquid styrene -butadiene 
copolymer rubber, and a liquid acrylonitrile-butadiene copolymer 
rubber which possess functional groups at the molecule terminals or 
within their molecules. Concrete examples of applicable functional 
groups include a hydroxyl group, carboxyl group, epoxy group, etc. 
One, two, or more types of these liquid rubbers may be employed. 

As far as the present invention is concerned, a masked 
polyisocyanate is employed as a chain extending agent or cross- 
linking agent for this liquid diene rubber which possesses a 
functional group at the molecule terminal or within the molecule. 
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It is a compound which possesses two or more intramolecular 
isocyanato groups, and it is obtained by temporarily deactivating 
said isocyanato groups. In other words, polyisocyanates tend to be 
inconvenient to handle due to their high reactivities, and in such 
a case, it is effective to temporarily protect the isocyanato 
groups and to regenerate them for reaction purposes whenever 
necessary. Concrete examples of such substances which are capable 
of masking polyisocyanates, namely masking agents, include phenols, 
alcohols, oximes, lactams, organic acid esters, amines, amides, 
imides, active methylene compounds, acidic sodium sulfite, hydrogen 
cyanide, boric acid, etc. Concrete examples of polyisocyanates 
include aliphatic polyisocyanates (e.g., tetramethylene 1,4- 
diisocyanate, hexamethylene 1, 6-diisocyanate, 1,3- and 1,4-xylene 
diisocyanate, etc.), alicyclic polyisocyanates (e.g., co,a>'- 1 
diisocyanato-1, 2-dimethylcyclohexane, 1 -methyl cyclohexane 2,4- and 
2 , 5 -diisocyanate, 1,3- and 1, 4-cyclohexyl diisocyanate, 
methylenebis (4 -cyclohexyl isocyanate) , isophorone diisocyanate, 
etc.), and aromatic polyisocyanates (e.g., 2,4- and 2 , 6- toluyl^ne 
diisocyanate, 5-chloro-2 , 4-toluylene diisocyanate, diphenyl 4,4'- 
diisocyanate, m- and p-phenylene diisocyanate, 1,4-, 1,5-, 2,6-, 
and 2 , 7-naphthalene diisocyanate, diphenylmethane 4,4'- 
diisocyanate, diphenyldimethylmethane 4 , 4 ' -diisocyanate, diphenyl 
ether 4 , 4 ' -diisocyanate, 3 , 5 ' -dimethyldiphenyl 4 , 4 ' -diisocyanate, 
polymethylene polyphenyl polyisocyanate , etc.). 

Novolak phenol resins and/or novolak modified phenol resins, 
furthermore, are employed as thermocurable resins in the present 
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invention. Concrete examples of the novolak phenol resins include 
a novolak phenol resin, novolak cresol resin, novolak resorcinol 
resin, etc., whereas novolak phenol resins which have been modified 
with oils (e.g., rosin oil, tall oil, cashew oil, linolic acid, 
oleic acid, linoleic acid, etc.), novolak phenol resins which have 
been modified with aromatic hydrocarbons (e.g., xylene, mesitylene, 
etc.) , novolak phenol resins which have been modified with rubbers 
(e.g., nitrile rubber, etc.), etc. are desirable as novolak 
modified phenol resins in consideration of their physical 
properties. The novolak phenol resin and the novolak modified 
phenol resin may be employed alone or as mixtures of two or more 
types . 

The rubber composition of the present invention is obtained by 
mixing at least one type of the aforementioned solid rubbers with 
the aforementioned liquid diene rubber (s), the aforementioned 
masked polyisocyanate (s) , and the aforementioned thermocurable 
resin (s) . In a case where these components are mixed, the 
respective components must be mixed in such a way that the mixing 
ratio between said solid rubber and said liquid diene rubber will 
range from 70/30 to 95/5 with regard to 100 parts by weight of the 
rubber content, that the ratio of the isocyanate equivalent of said 
masked polyisocyanate with respect to the functional group 
equivalent within said liquid diene rubber will range from 0.5 to 
2.0, and that the mixing ratio of said novolak phenol resin and/or 
novolak modified phenol resin with respect to 100 parts by weight 
of the rubber content will range from 5 to 25 parts by weight. It 
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should be noted that, if the mixing ratios deviate from these 
ranges, it becomes impossible to obtain the objective rubber 
composition. 

The present invention is based on the following insights, 
which were obtained as a result of extensive research: If a liquid 
rubber which possesses a functional group in the molecule chain 
terminal or within the molecule chain, which is capable of lowering 
the Mooney viscosity or green strength in a non-vulcanized state, 
and which yields a cross-linked structure as a result of 
vulcanization based on the uniqueness of the liquid rubber is used 
in combination with its chain extending agent or cross-linking 
agent, a rubber composition with which a large quantity of a 
novolak phenol resin, etc. has been mixed can be sufficiently 
softened in a non- vulcanized state, accompanied by an improved 
processibility ; in a case where it is vulcanized, furthermore, not 
only is the resin cured, but the functional group possessed by the 
liquid rubber can also be effectively reacted with the isocyanato 
group, as a result of which both the elasticity and elongation 
increase . 

If necessary, furthermore, it is also possible to mix 
thermocurable resin curing agents, carbon black, sulfur, auxiliary 
vulcanizing agents, antiaging agents, process oils, tackifiers, 
etc. with the rubber composition constituted by the aforementioned 
components to the extent that they do not adversely affect the 
elasticity, fracture elongation, and green strength of the rubber 
composition . 
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In the following, the present invention will be concretely 
explained with reference to application examples. The mixing 
ratios of the mixing components in these application examples are 
expressed by "parts by weight." 
A pplication Examples 

The components shown in Tables I and II were respectively 
mixed at the corresponding mixing ratio. The present mixing 
operation was routinely performed by using a B-type Banbury mixer 
(content volume: 1.7 L) , and after the resulting composition had 
subsequently been press-vulcanized at 160°C over a 20-min. £ 
period, a vulcanized rubber sheet with a thickness of 2 mm was 
obtained . 

The dynamic elasticity of this rubber sheet was measured 
according to the following procedures: A rectangular sample with a 
length of 2 0 mm and a width of 5 mm was stretched at an initial 
strain of 5% by using a tensile elastic spectrometer (manufactured 
by Iwamoto Mfg. Co.), and measurements were carried out at a 
frequency of 20 Hz at a thermal strain of 2% at room temperature. 
As a rigidity parameter for the non-vulcanized rubber, a JIS No. 1 
dumbbell was punched out from a non-vulcanized rubber sheet with a 
thickness of 2 mm, and its 25% tensile stress at room temperature 
was measured in a tensile test. 

In order to improve the tire performances conspicuously, it is 
necessary that the dynamic elasticity of the bead filler rubber 
composition under the aforementioned conditions be at least 500 
kg/cm 2 and that its elongation be at least 150%, whereas in order 



to improve the tire molding efficiency, it is necessary that the 
25% tensile stress of the non-vulcanized rubber be 15 kg/cm 2 or 
below. These performance requirements are met by the rubber 
compositions of the present invention, as the following results 
indicate . 
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Table I 



[(1): Comparative Example; (2): Application Example; (3): Mixing 
contents; (4) : Natural rubber; (5) : Styrene-butadiene copolymer 
rubber; (6) : Polybutadiene rubber; (7) : Polyisoprene rubber; (8) : 
Liquid polybutadiene rubber which possesses no functional group; 

(9) : Hydroxyl group- terminated liquid polybutadiene rubber; (10) : 
Carbon black HAF; (11) : Zinc white; (12) : Stearic acid; (13) : 
Antiageing agent; (14) : Oil; (15) : Novolak modified cresol resin; 

(16) : Sulfur; (17) : Vulcanization accelerator; (18) : 
Hexamethylenetetramine; (19) : Masked polyisocyanate ; (20) : Dynamic 
elasticity; (21) : Elongation; (22) : 25% tensile stress of the non- 
vulcanized rubber; (*1) : Hydroxyl equivalent: 1167; (*2) : MDI 
masked by phenol (NCO equivalent: 420); (**1) : Polymerization 
product of 2 , 2 , 4-trimethyl-l, 2 -dihydroquinoline ; (**2) : N- 
oxydiethylene-2-benzothiazole sulf enamide] 
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Table II 



/5 



[(1): Comparative Example; (2): Application Example; (3): Mixing 
contents; (4) : Natural rubber; (5) : Hydroxyl group-terminated 
liquid polybutadiene rubber; (6) : Hydroxyl group- terminated liquid 
polyisoprene rubber; (7) : Hydroxyl group- terminated, 
intramolecularly epoxylated liquid polybutadiene rubber; (8) : 
Carboxyl group -terminated liquid polybutadiene rubber; (9) : Epoxy 
group- terminated liquid polybutadiene rubber; (10) : Carbon black 
HAF; (11) : Zinc white; (12) : Stearic acid; (13) : Antiageing agent; 

(14) : Oil; (15) : Novolak modified cresol resin; (16) : Sulfur; (17) : 
Vulcanization accelerator; (18) : Hexamethylenetetramine ; (19) : 
Masked polyisocyanate; (20) : Dynamic elasticity; (21) : Elongation; 

(22) : 25% tensile stress of the non-vulcanized rubber; (*1) and 

(*2) : Same as in Table I; (*3) : Hydroxyl equivalent: 1000; (*4) : 
Hydroxyl equivalent: 1400; (*5) : Carboxyl equivalent: 2,000; (*6) : 
Epoxy equivalent: 1400; (*7) : TDI masked by alcohol (NCO 
equivalent: 160); (**1) and (**2) : Same as in Table I] 
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In Table I 

Novolak phenol resins, etc. are commonly used in the rubber 
industries for upgrading the rubber elasticity, and it is necessary 
to mix them in large quantity for a bead filler rubber, which 
constitutes one of tire positions. 

In a case where such a resin is mixed in large quantity, 
however, the miscibility with the rubber deteriorates, and due to 
the high intermolecular cohesive force of the resin, furthermore, 
the rigidity of the rubber in a non-vulcanized state, namely its 
25% tensile stress, significantly increases in comparison with an 
ordinary rubber composition (Comparative Example 1) . 

In a case where the 25% tensile stress of the non-vulcanized 
rubber is high, it is disadvantageous from the standpoint of 
processing the rubber composition. In other words, the load of a 
tuber or roll increases during an extrusion operation, as a result 
of which extruder nozzle damages, roll cap fractures, etc. are 
often incurred. Moreover, the speed of the tire molding operation 
diminishes, accompanied by an inferior productivity, and 
furthermore, product defects are incurred due to the blooming of 
sulfur, etc. 

The use of a liquid rubber is conceivable for lowering the 25% 
tensile stress of the non-vulcanized rubber. In the case of a 
liquid rubber which possesses no functional group in its molecule 
chain or a rubber composition which possesses a functional group 
but with which neither a chain extending agent nor a cross-linking 
agent has been mixed, the 25% tensile stress of the non-vulcanized 



13 



rubber diminishes, but since two free terminal chains remain with 
respect to a single liquid rubber molecule, no contributions are 
made to the rubber elasticity, and the fracture elongation 
diminishes due to the embrittlement of the vulcanized product 
(Comparative Examples 2 and 3) . 

As Application Examples 1 through 3 indicate, in a case where 
the mixing ratio of a liquid polybutadiene rubber which possesses 
a hydroxyl group at the molecule chain terminal is enlarged from 5 
to 10 and then 20 parts by weight, not only does the 25% tensile 
stress of the non-vulcanized rubber diminish, but the elasticity 
and elongation are also upgraded. The principal chain of the 
liquid rubber molecule is elongated and cross -linked by the chain 
extending agent or cross -linking agent, namely the polyisocyanate 
which has been masked by a phenol, and since the free terminal 
chains are eradicated, a rubber mesh is generated, and as a result, 
both the elasticity and elongation are upgraded. 

In a case where the mixing ratio of the liquid rubber is £ 
lower than 5 parts by weight, it is undesirable in consideration of 
the 25% tensile stress of the non-vulcanized rubber, whereas in a 
case where it exceeds 3 0 parts by weight, it is undesirable in 
consideration of the tire quantity in that a bleedout tends to be 
observed in a case where the extruded product, etc. are . left 
unattended for several days. 

In a case where the mixing ratio of the novolak phenol resin 
and/or novolak modified phenol resin is lower than 5 parts by 
weight, no contribution is made to the improvement of the 
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elasticity (Comparative Example 4) . 

In a case where it exceeds 25 parts by weight, the elasticity 
is significantly improved, but as a counteref f ect , the 25% tensile 
stress increases even if the aforementioned liquid rubber is mixed 
at a ratio close to the uppermost limit, and as a result, the 
composition becomes unusable (Comparative Example 5) . 

Application Examples 4 through 6 pertain to cases where a 
styrene -butadiene copolymer rubber, a polybutadiene rubber, and a 
polyisoprene rubber were respectively blended with a natural 
rubber, which served as a solid rubber, and where a hydroxyl group - 
terminated liquid polybutadiene rubber was each employed as a 
liquid rubber. In each case, the elasticity, elongation, and 25% 
tensile stress of the non-vulcanized rubber were satisfactory. 
In Table II 

Application Examples 7 through 10 pertain to cases where a 
hydroxyl group-terminated liquid polyisoprene rubber, a hydroxyl 
group-terminated, intramolecularly epoxylated liquid polybutadiene 
rubber, a carboxyl group -terminated liquid polybutadiene rubber, 
and an epoxy group -terminated liquid polybutadiene rubber were 
respectively employed as liquid rubbers, and as for the mixing 
ratio of the masked polyisocyanate , the ratio of the isocyanato 
group equivalent with respect to the functional group equivalent 
within the liquid rubber component was designated at 1.0. 

The liquid rubber which was characterized by the most 
conspicuous elasticity gain was the hydroxyl group -terminated and 
epoxylated polybutadiene rubber. This is attributed to the high 
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rigidity of the epoxy block. 

The chain extending agent or cross-linking agent in 
Application Example 11 is a polyisocyanate in a case where an 
alcohol is employed as a masking agent, and similar effects are 
exhibited within the equivalent ratio range of the present 
invention. 

Comparative Example 6 pertains to a case where the mixing 
ratio of the masked polyisocyanate exceeds the equivalent ratio 
range of the present invention. The elongation significantly 
diminishes, although the elasticity and the 25% tensile stress of 
the non-vulcanized rubber are satisfactory. 

Next, as the figure indicates, the rubber composition of the 
present invention was employed as the bead filler (4) for a tire 
(tire size: 185 SR 14), and the cornering power, which is a 
parameter for the operation stability, was measured; moreover, a 
bead unit endurance test was conducted indoors. 

The results are summarized in Table III below. In the figure, 
the notations denote the following: (1) : Front end of the folded 
segment of a carcass; (2) : Tire side wall unit; (3) : Carcass; (5) : 
Bead wire; (6): Belt layer; (R) : Rim; (R' ) : Rim flange. 
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Table III 



[(1) : Tire notation; (2) : Sample No, used for the bead filler; (3) 
Cornering' power; (4) : Bead unit endurance test (indoors) ; (5) 
Comparative Example; (6) : Application Example; (7) : Completion] 
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Test conditions 

Cornering power : Inner pressure: 2.2 kg/cm 2 ; -velocity: 10 
km/hr; load: 400 kg. 

Bead unit endurance test : Inner pressure: 2.2 kg/cm 2 ; velocity: 
81 km/hr; load: Stepped up from the initial 100% load of an actual 
vehicle at a rate of 15%/4 hours, and an eventual load of 310% was 
achieved. 

In Table III shown above/ the cornering power is expressed by 
the percentile improvement ratio in relation to the standard (100%) 
of the tire corresponding to the notation A (a higher value 
signifies a superior operation stability) , whereas the travelling 
distance leading to the destruction of the bead unit was recorded 
in the bead unit endurance test. Those which surpassed 5,000 kg 
were judged as being passable. These results indicate that both 
the operation stability and endurance of the tire B, in which the 
rubber composition of the present invention is employed as a bead 
filler, are excellent. 

As has been clearly shown above, the tire bead filler rubber 
composition of the present invention exhibits excellent 2. 
fracture-resistant properties in a vulcanized state despite its 
supreme hardness, and since the rigidity in a non-vulcanized state 
is low, the tire molding efficiency is significantly improved. 
Thus, it obviously contributes to an improvement of the tire 
molding productivity, and superb effects are also exhibited in 
improving the motion profile of the tire and for reducing the tire 
weight . 
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4 . Brief explanation of the figure 

The figure is a diagram which shows a partial lateral cross- 
sectional view of a tire. 

(1) : Front end of the folded segment of a carcass; (2) : Tire 
side wall unit; (3) : Carcass; (5) : Bead wire; (6) : Belt layer; (R) : 
Rim; (R' ) : Rim flange. 
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